I. INTRODUCTION
The effect of radiation quality has been thoroughly investigated for DNA damage endpoints (cell inactivation, chromosomal aberrations, mutation induction, DNA double-strand breaks) [1, 2, 3] whereas other important aspects, such as the expression of proteins related to checkpoint activation, cell cycle perturbations introduced by treatment have been less studied.
In the present work we have compared the effect of irradiation with low-energy protons (7.7 and 28.5 keV/µm) and X-rays on different endpoints related to DNA damage and cell cycle perturbations in human primary fibroblasts HFFF2:
A) To evaluate the LET dependence in DNA damage (micronuclei) after treatment of human primary skin fibroblasts with X-rays and low energy protons at 7,7 and 28,5 keV/µm in the dose range of 0,25-2 Gy, for cytogenetic damage . B) To evaluate the efficiency of radiation to perturb cell cycle progression with particular attention to the G2/M checkpoint activation as evaluated by cytofluorimetic analysis of DAPI stained cells collected 8, 24 and 32 hours post-irradiation with 2 and 4 Gy. C) To evaluate the G1/S cell cycle checkpoint activation by means of bromodeoxy-uridine (BrdU) incorporation and FITC-conjugated secondary antibody detection in cells collected 8 and 24 hours post-irradiation with 1 and 2 Gy.
II. EXPERIMENTAL SET-UP
HFFF2 human primary fibroblasts were grown in D-MEM, supplemented with 10% bovine serum, 2 mM L-Glutamine and antibiotics in a 5% CO 2 atmosphere at 37°C.
Proton irradiation
Proton irradiation, cell killing and MN induction Fortyeight hours before treatment 90.0000 cells were plated in stainless-steel Petri dishes and as monolayer attached to a maylar foil (52 mm thick; 133 mm 2 area) on the dish and grown at the Laboratori Nazionali di Legnaro of the Istituto di Fisica Nucleare (LNL INFN). Irradiation was carried out at the radiobiological facility of the 7 MV Van der Graaf accelerator at the LNL. Cells were exposed to 7.7 and 28.5 keV/µm, at a dose rate of 1Gy/min. For MN induction, immediately after irradiation cytochalasin-B at a final concentration of 3 µg/ml was added to the cultures and kept for 28 hours. Then cells were washed with PBS, detached by tripsinization, cytospunned, fixed in -20°C absolute methanol. Cells were successively stained with 2µg/ml DAPI and analyzed under a fluorescence equipped microscopy and the induction of MN was evaluated in 1000 cytochalasinarrested binucleated cells in repeated experiments.
X-ray irradiation and MN induction
Forty-eight hours before treatment fibroblasts were grown in a 30 mm Petri dishes. Cells were treated with 25-200 cGy X-rays delivered from a Gilardoni apparatus operating at a dose rate of 53 cGy/min. Immediately after irradiation cytochalasin-B at a final concentration of 3 µg/ml was added to the cultures and kept for 28 hours. Cells were then harvested and stained as described in the previous section.
Cell cycle perturbations
Cells irradiated with either 200 or 400 cGy of protons (7.7 and 28.5 keV/µm) or X-rays were collected 8 or 24 hours later by tripsinization, washed once in PBS and fixed by gently adding to the pellet 1 ml of ice cold 70% ethanol. The suspensions were maintained at -20°C. Then cells were washed in PBS and stained with DAPI and analyzed with a Dako cytofluorimeter. Ten thousand events were recorded for each experimental point in repeated experiments.
BudR staining for S-phase cell depletion
Cells irradiated with either 100 and 200 cGy of protons (7.7 and 28.5 keV/µm) or X-rays were collected 8 or 24 hours later by tripsinization, washed once in PBS, cytospunned and fixed by immersing the slides in -20°C cold 70% ethanol for 20 minutes. Slides were then airdryed and stored in -20°C refrigerator until using. Slides were incubated with an anti-BudR primary-antibody, followed by washing and incubation with a secondary FITCconjugated antibody. Cells were counterstained with DAPI and cells were classified as S-phase cells when a bright signal was detected in the nucleus under fluorescenceequipped microscopy.
III. STATUS OF THE ART
The data show that MN were induced in a dose related manner after irradiation with low-as well as high-LET radiation 28,5 keV/µm protons appeared the most effective in producing MN with respect to the remaining type of radiation MN frequency increases up to 100 cGy for the higher LET protons and then declines at the highest dose.
X-rays, and 7.7 keV/µm protons exhibited a very similar efficiency in the dose range of 25-150 cGy. Following a dose of 200cGy was observed a reduction only in the frequency of proton-induced MN. This result seems to indicate a LET-dependent cytotoxic effect for proton irradiation (at least in the dose range 0-150 cGy). Square: 28, 5 keV/µm proton; rhomb:7, 7 keV/µm proton; The cell cycle profiles obtained after 2 and 4 Gy radiation indicated that a G2-phase accumulation occurred at 8 hours regardless of the radiation quality; this fraction of cells were still "blocked" at 24 h and 32h only for 28.5 keV/µm protons (Table I) , whereas cells irradiated with 7.7 keV/µm protons and X-rays re-entered cell cycle. This effect might be related with the severity of DNA damage induced: higher for 28.5 keV/µm protons than for the remaining radiations, as confirmed by our previous data related to DNA damage (MN assay).
FIG 1: Mn induction after X-rays or proton irradiation.
-The reduction in BrdU incorporation was chosen as a more accurate measure of the inhibition of cells to move from G1 to S-phase. Data reported in Table II indicate a time-dependent depletion of labeled-S-phase cells as a result of checkpoint activation. No marked differences were noticed as a function of radiation quality and doses delivered. This seems to suggest that, in spite of the radiation quality, the lesions induced by 1 Gy were able to arrest the progression through S-phase up to 24 hours.
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